Male mice were fed cholesterol-supplemented diets contain ing short-necked clams or defatted short-necked clams for 2 weeks under the dietary regimen of the same dietary level of protein (20%), fat (5%) , and cholesterol (0.5%). Casein was used as a control protein. Similar results were obtained in two separate experiments with either boiled (Exp . 1) or steamed (Exp. 2) short-necked clams. The concentration of serum cholesterol in mice fed a clam diet was lower than in those fed control and defatted clam diets. Delipidation of clam raised the concentration of serum triglyceride. Both clams and defatted clams markedly reduced the concentration of hepatic cholesterol. Fecal excretion of neutral steroids was significantly increased by clam but not defatted clam, whereas the excretion of acidic steroids was stimulated by both specimens, in particu lar defatted clam. The results suggest that the hypocholesterolemic effect of short-necked clams is attributed to its lipid fraction, whereas non-lipid components contribute to the reduction of hepatic cholesterol and in creased fecal excretion of bile acids.
However, the mechanism by which shellfish exerts hypocholesterolemic action is not fully understood.
In the present study, to elucidate whether or how shellfish influences cholester ol metabolism, we investigated the effects of short-necked clams which is one of the most popular shellfishes in Japan on serum and liver lipid levels in mice . three diets. At the end of the two-week experimental period, mice were killed by cardiac puncture after overnight fasting, and liver was excised. Feces were collected for 4days at the end of each experiment. Lipid analyses. Serum lipids were assayed enzymatically using commercial kits (Cholesterol C-Test, Triglyceride G-Test, Wako Pure Chemicals, Osaka). Liver lipids were extracted by the method of Folch et al. (15) , and the concentra tions of cholesterol and triglyceride were measured as described elsewhere (16) . Compositions of sterols and fatty acids were analyzed by GC. Fecal neutral and acidic steroids were measured by GC (17, 18) .
MATERIALS AND METHODS

Materials
Statistical analysis. Data were analyzed for statistical significance by ANOVA followed by Duncan's new multiple range test (19) . Table 4 shows body weight gain, food intake, and relative liver weight of mice. In Exp. 1 with boiled short-necked clam, food intake and liver weight were comparable among the three groups, but body weight gain was higher in mice fed Table 3 . Dietary regimens (%).
RESULTS
1 Protein content was adjusted to 20% on an isonitrogenous base. 2 In order to make total fat content equivalent to 5%, soybean oil was added at a 2.3% level in Exp. 1 and a 2.6% level in Exp. 2. 3 In order to make cholesterol content equivalent to 0.5%, cholesterol was added at a 0.38% level in Exp. 1 and a 0.31% level in Exp. 2. 4) have reported a hypocholesterolemic activity of clam (Tapes japonica) in rats and Manila clam in normolipidemic men, respec tively. However, the factor(s) responsible for the hypocholesterolemic effect of clam remains unclear. Since the serum cholesterol-lowering action of clams disappeared when it was defatted, the effect is at least in part attributed to lipid components. The lipid fraction of clam contains n-3 polyunsaturated fatty acids and a variety of sterols including sitosterol, both of which are known to be hypocholesterolemic. (7-14) .
Sterols of shellfish are reported to be responsible for inhibition of cholesterol absorption from the intestine, and hence, serum cholesterol-lowering activity (8 -11). Since delipidation reduced fecal neutral steroid excretion, it is possible that sterols contained in clam exert a hypocholesterolemic effect through an inhibition of cholesterol absorption. In general, a relatively large amount of sterols in relation to dietary cholesterol is usually required to exhibit an effective hypocholesterolemic action (8). In the present experiments, however, the amount of shellfish sterols included in the clam diets was considered to be relatively small compared to dietary cholesterol to exert a significant serum cholesterol-lowering effect. Therefore, other lipid components in addition to sterols may contribute to the reduction of serum cholesterol by clams. Polyunsaturated fatty acids may be such a candidate. Short-necked clam contained approximately the same proportion of eicosapen taenoic and docosahexaenoic acids, and their contents corresponded to 0.9% of the diet. These fatty acids are known to be hypolipidemic through inhibition of synthesis and secretion of very-low density lipoproteins in the liver (20) . Since delipidation of clams resulted in the elevation of serum lipids, especially tri glyceride, there is a possibility that the hypolipidemic action of the clam is induced in part by n-3 polyunsaturated fatty acids.
Both the clam and defatted clam markedly reduced the concentration of hepatic cholesterol, indicating the participation of components other than lipids in this reduction. Iritani et al. (2) observed that dietary clam significantly reduces incorporation of radioactive acetate into cholesterol by the liver, and presumed that components other than cholesterol in clam decrease cholesterol synthesis. Howev er, since dietary cholesterol markedly decreases hepatic cholesterol synthesis, it is unlikely to ascribe the reduction of hepatic cholesterol by the clam to the decreased cholesterol synthesis in the present experiment. By delipidation of the clam, the K . TANAKA et al.
concentration of liver cholesterol increased approximately twofold in both experi ments, although it was still significantly lower than that of the control group . The increase is presumed to be due to the removal of shellfish sterols by delipidation .
The clam increased fecal excretion of both neutral and acidic steroids , whereas the defatted clam increased acidic steroid excretion alone . This result indicates that non-lipid components in clam stimulate fecal acidic steroid excretion . Alternately, lipid components in clam may increase fecal neutral steroid excretion and may suppress acidic steroid excretion into feces. It is reported that dietary protein is also a determinant of serum cholesterol (21) (22) (23) . There is a possibility that clam protein exerts the same action. Since a slight enhancement of the proportion of coprostanol in the fecal neutral steroid was observed on feeding the clam diet , clam lipids possibly modify the intestinal mircoflora.
In summary, the present study reconfirmed the lipid-lowering activity of short-necked clams in serum and liver, and the effect was attributed to both lipid and non-lipid components. 
